The paper presents the results of genotypic differentiation and antimicrobial susceptibility of Y. enterocolitica O:9 isolates that originated from cows and pigs positive in serological reactions for brucellosis, and also from the animals, which were serologically negative. The genetic relationship between Y. enterocolitica O:9 isolates originating from different sources was determined by the use of ERIC-PCR, and resulted in detection of 6 to 13 DNA amplicons of different size. The clonal analysis was based on dendrogram created by Unweighted Pair Group Method with arithmetic mean and Jaccard's coefficient, which enabled to divide Y. enterocolitica O:9 isolates into 16 different clonal groups. Among all Y. enterocolitica O:9, MIC value was >32 mg/L for the ampicillin, ≤0.008 mg/L for ciprofloxacin, ≤8 mg/L for sulphametoxazole, ≤2 mg/L for colistin, and ≤1 mg/L for tetracycline. The wide range of MIC for ceftazidime (≤0.25-2 mg/L) and cefotaxime (≤0.06-1 mg/L) among Y. enterocolitica O:9 isolates was also observed. No significant differences were observed between MIC values of Y. enterocolitica O:9 isolates originating from animals serologically positive for brucellosis, and the isolates from cows and pigs, which provided serologically negative reactions.
Introduction
Brucellae are Gram-negative intracellular bacteria causing brucellosis, which remains a risky zoonosis of worldwide public health and of economic importance (10, 22) . The laboratory diagnosis of brucellosis is mainly based on serological tests, and the methods applied for years including: the rose Bengal test (RBT), serum agglutination test (SAT), complement fixation test (CFT), and indirect ELISA (iELISA) (10) . However, the similarity of the O-antigenic side chain of Brucella LPS with other microbes has restricted the specificity of serological diagnosis resulting in false positive serological results (FPSR) (5-7, 14, 17) . The occurrence of these reactions in surveillance and diagnostics of brucellosis constitutes a very important problem in many EU countries including Poland (22, 26) . FPSR primarily are caused by infections with Yersinia enterocolitica O:9, possessing identical O-antigen lipopolysaccharide chain (LPS). The majority of Y. enterocolitica isolates from food and environmental sources are non-pathogenic types. Moreover, yersiniosis caused by Y. enterocolitica is on third position among the most common zoonosis in EU, causing diarrhoea, sometimes bloody, and occurring mostly in young children (19, 20) . The Y. enterocolitica species could be divided into six biotypes based on biochemical properties: 1A, which is generally regarded as non-pathogenic, and pathogenic 1B, 2, 3, 4, and 5 (25) . In Europe, the majority of human pathogenic Y. enterocolitica belong to biotype 4 (serotype O:3). Biotype 2 (serotype O:9) most often has been detected in pigs, but reservoirs other than pigs such as cattle, sheep, and goats may also play a role in the epidemiology of yersiniosis (14, 28) .
The paper presents the results of genotypic differentiation based on ERIC-PCR and antimicrobial susceptibility of Y. enterocolitica O:9 isolated from cows and pigs in which positive serological reactions for brucellosis were obtained, as well as from animals, which were serologically brucellosis-negative. (26) .
DNA extraction for ERIC-PCR. One individual colony of each strain was suspended in 50 µL of sterile, DNase and RNase free deionised water (ICN Biomedicals). The suspensions were heated at 99°C for 5 min, chilled on ice, and then centrifuged at 13 000 × g for 1 min to pellet the cellular debris. The supernatant (5 µL) was subsequently used as a source of DNA template. The purity and concentration of DNA preparations were measured spectrophotometrically at 260 and 280 nm (GeneQuant 1300, GE Healthcare).
ERIC-PCR. DNA amplification was performed in the 50 L reaction mixture consisting of: DNA template; 1× PCR buffer (Fermentas); 200 M of dNTPs, 3 mM; 2 U of Taq DNA polymerase; nucleotide primers ERIC1R (AAGTAAGTGACTGGGGTGA-GCG) and ERIC2 (ATGTAAGCTCCTGGGATTCAC) (24) , and water (Fermentas). PCR was run in a thermocycler (T3, Biometra) under the following conditions: initial DNA denaturation at 94°C for 5 min, followed by 35 cycles of 94°C for 1 min, 52°C for 1 min, and 72°C for 1 min. The final extension step was done at 72°C for 10 min. After staining with ethidium bromide for 0.5 min and washing in distilled water, the gels were photographed under UV light. PCR analyses were performed several times with slightly different amplification conditions until the band profiles were stable and highly reproducible. The fingerprints shown in this study are based on at least three independent amplifications, which provided the same AP-PCR pictures.
Data analysis. Gel images were scanned and analysed using the Gel Compar II (Applied Maths, USA). Dendrograms were created from a matrix of band matching using the Jaccard's coefficient and the Unweighted Pair Group Method with Arithmetic Mean (UPGMA) analysis. Some DNA bands, faulty identified as positive by the computer software were deleted. Moreover, some PCR amplicons not recognised automatically by the computer were manually added to the analysis. The isolates sharing less than 95% of similarity were regarded as different. The discriminatory ability of the test used was determined by the Simpson's index of diversity (9, 25 
Results
The genetic relationship between Y. enterocolitica O:9 isolates originating from different sources was determined using ERIC-PCR, and resulted in identification of 6 to 13 DNA amplicons with different size (Fig. 1) .
The clonal analysis was based on dendrogram, and resulted in dividing of Y. enterocolitica O:9 isolates into 16 different clonal groups with 95% similarity (Fig. 2) . The index of diversity was determined as D = 0.72.
MIC values (mg/L) of the antimicrobials used in susceptibility testing of Y. enterocolitica O:9 isolates are presented in Table 1 . Among all Y. enterocolitica O:9 isolated, MIC for the ampicillin was >32 mg/L, ≤0.008 mg/L for ciprofloxacin, ≤8 mg/L for sulphametoxazole, ≤2 mg/L for colistin, and ≤1 mg/L for tetracycline. The wide range of MIC for ceftazidime (≤0.25-2 mg/L) and cefotaxime (≤0.06-1 mg/L) among the isolates was also observed. Some of the examined isolates belonged to three profiles of identical MIC values of the antimicrobials: isolates No. 1, 3, 7, and 23 (first profile), isolates No. 2, 4, and 18 (second profile), and isolates No. 5, 9, 15, 20, 21, and 25 (third, the biggest profile). There were no significant differences between MIC values of Y. enterocolitica O:9 isolates originating from brucellosis positive animals, and the isolates from cows and pigs, which gave serologically negative reactions (P > 0.05). 
Discussion
The Y. enterocolitica O:9 isolates from animals, which were slaughtered because of the positive results for brucellosis, may be also potentially pathogenic for humans due to the presence of chromosomal and plasmid encoded molecular markers (27) . Therefore, monitoring of resistance to antibiotics in pathogenic bacteria of animal origin is necessary. There is not enough information on antibiotic resistance of Y. enterocolitica O:9 because almost all reports published have focused on biotype 4 and 1A (11, 12, 15) . There are many differences between the antimicrobial panels used by the researchers, and the examinations are mainly based on disc diffusion methods. MIC based methods for Y. enterocolitica susceptibility testing are rare (21) . Moreover, Y. enterocolitica resistant/susceptible EUCAST criteria based on MIC values have been officially established only for tetracycline (4 mg/L), trimethoprim (4 mg/L), and sulphametoxazole (2 mg/L). There is also lack of information on genetic relationship between Y. enterocolitica O:9 isolated from different animal species.
Because of the clonal nature of Y. enterocolitica strains, highly sensitive subtyping methods, based on molecular biology, are needed to differentiate and analyse strains recovered from the same, or different sources (3, 23, 30) . Several assays have been used for genetic investigation of Enterobacteriaceae isolates. These tests are based either on restriction fragment length polymorphism (RFLP) and pulsed-field gel electrophoresis (PFGE), or amplification of DNA sequences with PCR (AP-PCR), i.e. Random Amplified Polymorphic DNA (RAPD-PCR), Enterobacterial Repetitive Intergenic Consensus (ERIC-PCR), BOX-PCR, and sequences located between the repetitive IS3 genomic element (IS-PCR) (8, 9, 23, 24) . The previous studies have shown that among PCR based methods, ERIC-PCR is the most simple, powerful molecular tool to reveal genetic differences and clonal relationship among strains of different origin, and shows the higher discriminatory advantage over remaining AP-PCR methods (3, 26 isolated from India, Germany, France, and USA found that ERIC fingerprints discriminated strains better than determined by the index of discrimination. The use of ERIC-PCR was also described by Falcao et al. (4) to discriminate among 106 Y. enterocolitica isolates, and to compare the results with PFGE, which is considered to be the gold-standard technique for this purpose. They found that PFGE was able to discriminate the strains better than ERIC-PCR. On the other hand, the results suggested that the presence or absence of particular virulence genes affect the band pattern generated by ERIC-PCR.
In this study, the genetic analysis of 30 Y. enterocolitica O:9 isolates determined by ERIC-PCR allowed clustering examined isolates into 16 different clonal groups. Three of them contained more than four isolates: first one, covering isolates No. 1, 7, 12, and 13, which were serological positive for brucellosis and taken from cattle only; second covering isolates from serological positive cattle No. 4 (1) .
In this study, among quinolones panels, MIC value was ≤0.008 mg/L for ciprofloxacin and ≤4 mg/L for nalidixic acid. Among non-β-lactams, in the study of Kot et al. (12) In this study, MIC for the gentamycin ranged from 0.5-2 mg/L and was ≤1 mg/L for the tetracycline among 30 Y. enterocolitica O:9 examined isolates. Kot et al. (12) showed that three isolates were resistant to gentamycin and eight isolates were moderately susceptible to this antibiotic. Tetracycline showed high activity against Y. enterocolitica isolates. In the study of Simonova et al. (21) , 76 Y. enterocolitica isolates from pigs were assayed for antimicrobial susceptibility/ resistance by the reference agar dilution method. All isolates were susceptible to gentamycin. The MIC of 85% of the isolates ranged from 0.5 mg/L to 2 mg/L, and none of them was detected as moderately susceptible or resistant. Similar results have been also reported in studies of Baumgartner et al. (2) from Switzerland and from Mayrhofer et al. (13) in Austria. The authors have found that none of isolates was resistant to gentamycin and 90%-100% of isolates were susceptible to streptomycin, too. In this study, MIC for streptomycin ranged from 4 to 8 mg/L. In the study of Simonova et al. (21) , susceptibility of Y. enterocolitica isolates of the serotype O:3 to tetracycline was confirmed in 80.26% (MIC 1-4 mg/L), moderate susceptibility was detected in 6.58% cases, and 13.16% of the isolates were TET-resistant. Lower incidence of resistant isolates might have been caused by the fact that, although tetracycline has been suggested as an alternative in the treatment of clinical gastritis, they are rarely used in practice. Similar results have been reported by Baumgartner et al. (2) , who found the incidence of resistant Y. enterocolitica isolates in pigs at the 5% level.
In this study, the chloramphenicol MIC ranged from ≤2 to 4 mg/L. Simonova et al. (21) demonstrated that susceptibility to chloramphenicol (amphenicols) was observed in 67.11% of the examined isolates of Y. enterocolitica (28.95% of cases showed moderate susceptibility). Only three (3.95%) isolates were CMPresistant. The same results were reported by Baumgartner et al. (2) .
The results of the presented investigations demonstrate that significance of Y. enterocolitica O:9 is not limited to complication of diagnosis of brucellosis. The isolates of Y. enterocolitica O:9 from animals slaughtered following positive results for brucellosis, and originated from serologically negative ones are generally closely related to each other. This kind of studies should be continued to provide a better knowledge concerning the antimicrobial susceptibility of these strains.
